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Hadron-nucleon total croes sections have been observed experimentally to de- 

crease at low energies and go through a minimum and start rising at higher energiesl’. 

In plots of total cross sections as a function of energy the curves for different processes 

appear to be very different from one another. But there are striking regularities in the 

data2’ which become apparent when they are plotted somewhat differently. 

There is no physical basis for the standard plot shown in Fig. I of otootal vs. 

laboratory momentum with a logarithmic scale for Plab. Why not plot: instead the imagi- 

nary part of the forward scattering amplitude against center-of-maso momentum? ~.t 

high energies tbi~ ia equivaient to the plot in Fig. 2 of otota,, X dPlab/ZO agai.net v%b. 

Although the same dab are plotted in both figures, Fig. f shows very different curves 

for the six different processes while Fig. 2 shown rix slightly curved lince which look 

very similar to one another. The K+p and K-p llnee are very nearly pan&l and sirni- 

larly for n+p and W-p and ?;p and pp. Figure 3 shown Lhe san~e plot.3 on an expanded aczle. 

The pp and pp cross sections are multiplied by the scaling factor 213 p,iven by the quark 

modal, and the scale in Fig. 3b is expanded by snbtra~cting the constant 23 mb from ail 

cross sections. 

The real phenomenological motivation for the plota of Figs. 2 and 3 comes from 

the two-component description 3) of total cross sections as the sum of a Regge component 

which decreases roughly like s 
-112 

and a Pomcrr,ir component which va,~ies ‘~iolyly v,i:h 

energy. 

uiot(s) = P..s-ti2 f f(S) 111 

whre K i.s the strength of the Reggc component Ior Lhc particular procccs and f(s) ia + 

nlowly var.ying function which may be different for dilfcrent praccasco. Let 0.5 define 

x - B”* Pa) 

t/2 y-s clot(s) = R + Xf(X2). Gbl 

Since Ijlai, is ?rop<>rtmlal to s at high energies tllc qlrantitic.s defined by Lqs. (2) s:c 

just the abscissa and ordinate of Fig. Z. 

Comparison of Eqs. (I) and (2bl clarifier: the contrast bctwern the complexity oi 

the plots oi Fig. ! described by Eq. (1) and thr simplicity of the plots of Fig. 2 described 
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by Eq. (2b). The right-hand aide of Eq. (I) contain* two terms. Ike Regge term de- 

crease8 with rnergy while the Pomeron is either constant or decreases slowly at low 

energies and rises at higher energies. The cuefficient R of the decreasing Regge term 

differa widely between different processes. lt is very large in o(pp) which decreases 

monotonically up to Plab = 200 GeVic, but very small for o(K’p) which begins to rise at 

a very low energy. The Large differences in the curves of total cro8s section versa18 

energy arise because the Regge term responsible for the meet rapid energy variation has 

very different values far different processes. 

In the representation of the data by Fig. 2 and Eq. (2b) the Regge contribution 

appears as a constant. Pairs of curves for particle and antiparticle scattering which 

differ only in their Regge contribution appear vertically displaced from one another with 

very little change in shape, in contraat to the plots of Fig. I where differences in the 

Regge contribution give curve* having very different shapes. *he snnplicity of the plots 

of Figs. 2 and 3 confirm that 8 
-i/2 

gives a very good description of the energy depend- 

ence of the Regge contribution. Tbc relative magnitudes of the splittings agree with 

predictions from the conventional Regge description with duality or exchange degeneracy 4) 

The splitting between +.be two kaon-nucleon curves is larger than the pion-nucleon mplit- 

ting and smaller than the nucleon-nucleon splitting. 

The manner in which the pion-nucleon CUIVCL) lie between the kaon-nucleon and 

nucleon-nucleon curves is very surprising and is a manifestation of a phenomenalogical 

regukzity observed in the Pomero,, component of the total cross section 5) 

P(npl = (l/Z)P(Kp) + (I /~)P(PP) (3) 

where P denotes the Pomeron contribution. This is seen in Fig. 3 in which the following 

two linear combinations of o(KN) and o(NN) having the form of the right-hand side of 

EC,. (3) are aleo plotted. 

oA = (1 /.?)o(K+p) + (1/2)o(ppl (4a) 

OB = (l/Z)o(K+p) + (1/3)O(jTp). (4b) 

These are seen to have the same qualitative behavior as o(nN) and very different from 

o(NN) and O(KN), while displaced from o(nN) by constant amounts consistent with their 

Regge description. 

What are these curves trying to tell us? Figures 2 and 3 demonstrate the validity 

of the two component description (1). But our level of understanding of the two compo- 

nente is very different. ?he Regge contribution is reasonably well described by a uni- 

versal s-1’2 energy behavior for all processes and a coefficient R whose relative 

values are given by exchange degeneracy and duality. The Pameron component has an 

energy dependence f(B) which is neither understood nor established, and both its magni- 

tude and energy dependence differ for piane, khans and nucieons in a manner which is 



not understood. ‘The plots 01 Fip. I ara dominated by the wall-understood Rnggr cumpo- 

nent. The plots of Figs. 2 and 3 suppress the Reg~e component and dInplay the features 

of the more interesting and I=== understood Pomeron. If we are interested in what the 

data are trying to tell u= about the Pomeron, Fig=. 2 and 3 are better phces to look. 

Another way to look for regularitlea in the FEomeron component is to plot linear 

combinations of the dlfferent total cro== sections &ich contain only the Pomeron contribu 

Lion. The following combinations are constructed to cancel the contribution= from the 

leading Regge trajectories under the assumption of exchange degeneracy. 

a(0N) = o(K-p) + o(K+p) - o(n-p) (5=) 

b(nK, = o(n-p, - a(K-p, (5b) 

o,(pK) = +K+P) - fn(pp, (5C) 

ACMB) = $ipp) - +olKp) (5dl 

The quantity o(@N), Eq. (5=), is the quark model expression for the 0-nucleon cro#= =ec- 

tion; i.e., the ecattering of = atrange quark-antiquark p=ir on a proton. 

Figure 4 shows plots of these four quantities. They all show very simple energy 

behavior, and a striking and unexpkined equality rekted to the equality (3) is observed 

between the curves (Sa) and (5~) and the curves (5b) and (5d). These suggest that the 

Porneron contains two components, one rising slowly with energy, and the other decreas- 

ing slowly. The rising component ia Been in o(ON), the decreasing component ia =een in 

b(nK) and =ccount= for the difference between o(nN) and o(KN). The K’p and pp channels 

are both exotic and have no Regge contributions, but o(pp) and o(K+p) have different 

energy behavior, == indicated in Fig. 1. The linear combinations (5~) and (5d) seem to 

project out the s=me two components found in the meson-baryon cro== section= o(#N) and 

A(nK). 

The quantity A (MB) defined by Eq. (5d) should vanish in the additive quark model 

and represents the difference between the ecattering of a “baryonic quark” and a 

“mesonic quark. ” The quantity A(nK) represents the difference between the scattering of 

a nonstrange quark and a strange quark. Why these two difference= should be equal, as 

indicated by Fig, 4 is = puzzle which remain= to be explained. 
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Fig. 1. Total Cross Sections vs. Plab. 
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